INTRODUCTION
Ostracods (class Ostracoda) are one of the most diverse groups of living crustaceans. There are close to 2000 subjective species and about 200 genera of Recent non-marine Ostracoda (Martens et al. 2008) . All Recent freshwater ostracods belong to the order Pocodocopida (Meisch 2000) . Ostracods are very common in most inland waters, where they abound in the benthic and periphytic animal communities, but they also occur in marine, interstitial and even (semi-) terrestrial environments.
Unlike other European countries (e.g., Germany, Belgium and France among others), in Italy the research on Recent freshwater ostracods does not have a solid tradition, and available data mostly rely on occasional investigations. The first studies on taxonomy and ecology of Cyprididae were carried out by Masi (1905 Masi ( , 1909 at the beginning of 20 th century. A key contribution was the compilation of the Italian checklist by Ghetti & McKenzie (1981) , although the inadequacy of the taxonomic descriptions and the incomplete data on species distribution constitute a serious limitation to its practical use. Only recently detailed accounts on taxonomy, ecology and geographic distribution of Italian ostracods have been published, in particular for areas located in the northern part of the peninsula and for Sicily (Rossi et al. 2003; Mezzanotte & Sambugar 2004; Rossetti et al. 2004 Rossetti et al. , 2005 Rossetti et al. , 2006 Pieri 2007; Pieri et al. 2006 Pieri et al. , 2007 .
The aims of this study are to provide a detailed faunal inventory of Recent ostracods from freshwater habitats of the Friuli Venezia Giulia region (NE Italy) and investigate their distributional patterns in relation to environmental factors. In addition, the new data are compared to previous investigations on Recent ostracods carried out in this region by Stoch (1985 Stoch ( , 1992 Stoch ( , 1993 Stoch ( , 1995 Stoch ( , 1996 Stoch ( , 1997 Stoch ( , 2003 Stoch ( , 2004 , Stoch & Dolce (1994) , and Meisch (2000) . Scanning Electron Microscope images of ostracod valves are also offered.
MATERIALS AND METHODS
Located at the north-eastern border of the Italian peninsula ( Fig. 1) , Friuli Venezia Giulia (7844 km 2 ) is a region characterised by a strong south-north altitudinal gradient from the Adriatic Sea to the Julian and Carnic Alps ridge (up to 2780 m a.s.l. of the mount Coglians) and by a variety of climatic, geological and land-use conditions. The study area, that has encompassed three provinces (Gorizia, Pordenone, and Udine) of the region (Fig. 2) , is rich in both surface and ground waters. Samples were collected between August 1981 and July 2007 from 200 sites located at an altitude ranging from 1 to 1950 m a.s.l. Qualitative ostracod samples were collected using a 100 µm handnet or, from interstitial habitats, by a BouRouch pump (Bou & Rouch 1967; Bou 1974) or using the Karaman-Chappuis method (Chappuis 1942) . Altogether, 320 samples were collected. In 67 sites, the sampling was performed on different dates (2 to 4). In 111 samples, water temperature, conductivity, pH and dissolved oxygen concentration were measured in situ using portable electronic probes (Hanna Instruments). The province with the highest number of sampling sites was Udine (135 sites), followed by Gorizia (55 sites), and Pordenone (10 sites) (Fig. 2) . Sampling sites were chosen to possibly include the most common types of aquatic habitats (i.e., pools, ponds, peat bogs, springs and streams). The most sampled habitats were wetlands (Fig. 3A) , and a large part of the sampling sites (148) was located below 200 m a.s.l. (Fig. 3B) .
In the laboratory, living specimens were picked up under a binocular microscope and preserved in 80% ethanol. Only material allowing unambiguous identification (i.e., adults and last juvenile stages) was taken into account, although in few cases (i.e., Pseudocandona cf. insculpta, Cypridopsis cf. hartwigi, and Xestoleberis sp.) the specific allocation remained uncertain, due to either damaged specimens or scarce material. Both soft parts (dissected in glycerine and stored in sealed slides) and valves (stored dry in micropaleontological slides) were checked for the taxonomic identification, using as reference the contribution by McKenzie (1977) for Xestoleberis, Meisch (1984 Meisch ( , 1985 for Potamocypris, Petkovski & Keyser (1992) for Leptocythere, Martens (1992) for Paralimnocythere, Baltanás et al. (1993) for Psychrodromus, González Mozo et al. (1996) for Herpetocypris, Meisch (1996) for Schellencandona, Rossetti & Martens (1998) for the Darwinulidae, Pinto et al. (2005) for Microdarwinula zimmeri, and Meisch (2000) for the remaining taxa.
All the collected material was catalogued through a numerical code consisting of the letters "VP" followed by 4 digits and was deposited in the ostracod collection at the Department of Environmental Sciences, University of Parma. For problematic specimens and for the most interesting records, photos of the valves were taken in the SEM laboratory of the Royal Belgian Institute of Natural Sciences in Brussels using a Philips XL-30 microscope. The following abbreviations were used in plates (see Appendix): L: left; R: right; V: valve; Cp: carapace; dv: dorsal view; vv: ventral view; lv: lateral view; iv: internal view; ev: external view.
In order to assess the relation between distribution of ostracods and environmental variables, a Canonical Correspondence Analysis (CCA) was performed using the statistical package CANOCO version 4.5 (ter Braak & Šmilauer 2002) . CCA was based on the correlation matrix of measured physical and chemical water variables after log(x + 1) transformation (except for pH) to normalize the distributions. Only significant variables (P ≤0.05) were entered into the model through a forward stepwise procedure. Monte Carlo permutation tests (999 permutations) were used to assess the significance of the canonical axes and of the environmental variables that were selected in the forward selection procedure. Due to the tendency of rare forms to distort the analyses, taxa with a single record were excluded from ordinations.
RESULTS
Seventy-four taxa (53 identified at the species level) included in 30 genera and belonging to 9 different families (Darwinulidae, Candonidae, Ilyocyprididae, Notodromadidae, Cyprididae, Limnocytheridae, Cytheridae, Leptocytheridae and Xestoleberididae) were identified (Tab. 1; Plates 1-7, in Appendix). Ostracods were found in all the analysed samples, but in 11 samples only juvenile stages were present, while in two samples only empty valves were found. The most common species was Cypria ophthalmica (133 records) followed by Cyclocypris ovum (86 records), C. laevis (49 records), Cypridopsis vidua (40 records) and Notodromas persica (28 records) (Fig. 2 ). The genus with most identified species was Pseudocandona (12 taxa), followed by Candona and Potamocypris (both with 6 taxa). Tab. 1. List of ostracods known from Friuli Venezia Giulia. Taxon codes used for CCA (see Fig. 12 ) are reported in column A. Comparison between ostracod taxa found in this study (column B: number of sites -number of samples where each taxon was found) and in previous surveys carried out by Meisch (2000) and Stoch (1985 Stoch ( , 1993 Stoch ( , 1994 Stoch ( , 1995 Stoch ( , 1996 Stoch ( , 1997 Stoch ( , 2003 Stoch ( , 2004 (Ghetti & McKenzie 1981; Meisch 2000) . Cyclocypris globosa is the second record for Italy, the first one for peat bogs in Veneto (NE Italy) (Pieri 2007) . Also Metacypris cordata is only known for one other Italian locality (Lake of Bolsena, Central Italy) (Meisch 2000) .
Six species reported in previous investigations on Friuli Venezia Giulia ostracods (Mixtacandona laisi, Cypria cavernae, Psychrodromus betharrami, Herpetocypris chevreuxi, Potamocypris arcuata and Sphaeromicola stammeri) were not found in the collected samples (Tab. 1).
Among the taxa identified in the present study, Candonopsis kingsleii, Ilyocypris bradyi, I. inermis, H. reptans, Cyprideis torosa and Xestoleberis sp. showed a peculiar geographic distribution, being exclusively recorded in the southern part of the Friuli Venezia Giulia region and at altitudes below 240 m a.s.l. In particular, C. torosa and Xestoleberis sp. were mostly found in brackish habitats connected to marine areas.
On the other hand, Cryptocandona vavrai, Cyclocypris mediosetosa, Eucypris pigra, Psychrodromus fontinalis
and Cavernocypris subterranea, characteristic of spring habitats, were found only in the northern part of the region. The occurrence of these taxa was restricted to samples collected in springs and peat bogs located at altitudes higher than 840 m a.s.l. Fabaeformiscandona fragilis, P. marchica, Ilyocypris gibba and E. virens were only found in the province of Gorizia, in the south east part of the region, mostly in lowland ponds and wetlands.
In most of the samples (70 out of 111), conductivity values were below 500 µS cm -1 . The highest conductivity values (up to 20 mS cm -1 ) were recorded in brackish sites located near the sea. Temperature was extremely variable among sites and sampling periods, showing values between 5.2 and 32.5 °C. Dissolved oxygen concentrations were mostly below 10 mg L -1 , and pH values were generally between 7 and 8, with extremes of 4.34 and 9.02, respectively measured in a peat bog and in a pond. Figure 4 shows the range of selected environmental variables for the 5 most frequent ostracod species found in the study area. Cypria ophthalmica and Cyclocypris ovum have a wide tolerance towards the considered hydrochemical variables. On the other hand, Notodromas persica, C. laevis and Cypridopsis vidua were found at pH values higher than 6.9, and C. vidua seems to prefer habitats with conductivity values below 600 µS cm -1 . Cypridopsis vidua and N. persica are clearly present at lower altitudes and higher water temperatures than the other common species; N. persica can be also found in hypoxic or anoxic conditions.
The occurrence of some taxa was clearly restricted to particular habitat types. For example, the congeneric Psychrodromus fontinalis and P. cf. betharrami were mainly found in springs; Cavernocypris subterranea and Cryptocandona vavrai were only collected in peat bogs located at high altitude. The first two axes of CCA (Fig. 5 ) account for 84.3% (61.0% the first axis and 23.3% the second axis) of the cumulative percentage variance of the speciesenvironment relation. The species-environment correlations are 0.796 for axis 1 and 0.532 for axis 2. The Monte Carlo permutation test shows that all the canonical axes are significant (P <0.001). Conductivity (permutation test: F = 2.14, P = 0.004) and altitude (permutation test: F = 4.92, P = 0.001) have the strongest correlations to the first axis, while temperature has the strongest correlation to the second axis (permutation test: F = 1.95, P = 0.006). Dissolved oxygen and pH were not included in this analysis, because these variables were not significant. In the ordination diagram, the most common ostracod taxa are grouped around the origin of the axes, meaning that their occurrence is weakly related to specific environmental gradients. The brackish water taxa Xestoleberis sp. and Cyprideis torosa are clearly separated from a cluster of species (Candona cf. neglecta, Eucypris pigra, Potamocypris cf. zschokkei, and Potamocypris fallax) typical of habitats located at high elevations and characterized by low conductivity values.
DISCUSSION AND CONCLUSIONS
The present work greatly increases the information available on freshwater ostracods from Friuli Venezia Giulia and, in general, from Italy. In fact, Friuli Venezia Giulia is so far the region with the highest ostracod species diversity in Italy (Pieri 2007; Pieri et al. 2006 Pieri et al. , 2007 . Moreover, if one considers that in Italy the number of valid species of non-marine ostracods is roughly 150 (not including taxa at subspecific rank) (Pieri 2007) , Friuli Venezia Giulia accounts for more than one third of the entire country's ostracod specific diversity even though it covers only 2.6% of the total national area. This result depends on the considerable sampling effort and on the variety of types of aquatic habitats that are present in the study area.
Most of the species identified in this survey have a wide geographic distribution or are cosmopolitan, and are known for their broad ecological tolerance. In other cases, the distribution of ostracod taxa appeared to be closely associated to specific habitat types.
CCA is used in the present work to assess the relationships between species occurrence and environmental factors. This robust, multivariate technique was frequently applied to the study of non-marine ostracod assemblages (e.g., Rossetti et al. 2004; Mezquita et al. 2005; Viehberg 2006; . Our analysis shows a high cumulative variance of species-environment relation captured by the first two axes of CCA, expressing the amount of variance explained by the axes as a fraction of the total variance. In the literature, a wide range of figures can be found for the variance accounted by the first two canonical axes, and values comparable to or even higher than those of our analysis are not uncommon. Such large variability in the resulting scores may depend, among other factors, on the size and properties of the data sets (i.e., number of species and variables considered, frequency of species absences in the input matrix, amplitude of environmental gradients, etc.). The high variance explained by our analysis can be interpreted considering that only significant environmental variables were entered into the model, while taxa with a single record were excluded. But it also clearly indicates that, at the considered regional scale, the distribution of freshwater ostracods is strongly related to the altitudinal gradient and physico-chemical characteristics of the waters, namely temperature and conductivity.
Previous studies on the non-marine ostracods of Friuli Venezia Giulia were primarily focused on the ground waters of the karst areas. For this reason, a sig- nificant proportion of the ostracod fauna of this region was represented by stygobiotic species (Tab. 1). Among these, Cypria cavernae and Sphaeromicola stammeri are of particular interest. Cypria cavernae is the only blind and unpigmented species of the genus; it was found only in the in the saturated groundwaters of the karst area around Trieste (Wagenleitner 1990) . Sphaeromicola stammeri lives as a commensal on stygobiotic isopods of the genus Monolistra (Stoch 1993) . These species were not collected during the present survey, which did not take into account karstic groundwaters.
Some records of ostracod taxa from Friuli Venezia Giulia are of considerable interest from a biogeographic perspective. Microdarwinula zimmeri is a small ostracod species (<0.4 mm) preferring interstitial waters. In Europe, Recent populations were only found in Romania and Southern France; other Pleistocene records are from Germany and Central Italy (Devoto 1965; Danielopol 1968; Martens et al. 1997; Rossetti & Martens 1998) . Penthesilenula brasiliensis is known from all continents, with the exception of North America and Antarctica. The species has been reported from rivers and streamlets, interstitial habitats, mosses, water inside bromeliad pouches and leaf litter of rain forests; Recent European populations are known for the British Isles (including Ireland) and Southern France (Rossetti & Martens 1998) . Together with the cosmopolitan Darwinula stevensoni, these new records bring the number of species of the family Darwinulidae reported from Italy to three.
The genus Schellencandona is new for Italy and it is known from France, Belgium, Austria, Germany and Southern Japan (Meisch 2000; Smith & Kamiya 2006) . All the species of the genus are stygobiotic; their small size (0.6 mm) and the absence of the pigmented eyes are adaptations to the hypogean life (Meisch 1996) . In this study only two specimens were found in two different samples collected from a phreatic well.
The species belonging to the genus Xestoleberis are generally marine, but some species were also found in brackish and freshwater habitats (McKenzie 1977) . The examined material from Friuli Venezia Giulia consisted of two specimens collected among reed stands in a slow-flowing section of the terminal reach of a small river (Cavana) feed by resurgences close to the sea.
Cyclocypris mediosetosa was so far only known from a streamlet flowing from a spring in Southern France; this species is closely related to C. ovum, from which it differs in the length of the natatory setae of the second antenna and the presence of a transverse band with shallow pits on the valves (Meisch 2000) . Our specimens were collected in rheocrenic springs associated to peat bog habitats.
The records of Fabaeformiscandona wegelini and Pseudocandona semicognita considerably extend the distribution range of these poorly known ostracod species [see Meisch (2000) and references therein].
The only specimen of Leptocythere sp., collected in a spring of the Southern part of the study area, shows affinities with L. fluviatils, an endemic species known from a single locality of the Krka River at Novo Mesto (SE Slovenia) (Klie 1939) . The collection of new material will hopefully allow confirmation of its specific status.
A further comparison of the ostracod fauna of Friuli Venezia Giulia with that of Slovenia is of some interest, as the two geographic areas are adjacent and largely share common landscape and geological features. The ostracod checklist of Slovenia includes 47 taxa arranged in 22 genera (Griffiths & Brancelj 1996) . Two genera reported for Slovenia, Cytherissa and Nannocandona, both represented by one species, were not found in the present study. Although still preliminary, the data from Slovenia also confirm the presence of a "biodiversity hotspot" for the ostracod fauna in the Alpine-Adriatic region, and in particular the high incidence of strict endemics with limited geographic distribution. This favourable circumstance, however, raises some issues about the conservation of the aquatic habitats which host such a natural patrimony of animal diversity. In fact, most of the water bodies included in this study are extremely small and exposed to potential impacts at both local and global scales. 
